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Abstract
 
The effects of recent fire frequency and time-since-fire on plant community composition and species
abundance in open-forest and woodland vegetation in Girraween National Park, south-east Queensland, Australia,
were examined. Cover-abundance data were collected for shrub and vine species in at least 10 400-m
 
2
 
 plots in each
of four study areas. Study areas were within one community type and had burnt most recently either 4 or 9 years
previously. Variations in fire frequency allowed us to compare areas that had burnt at least three times in the previous
25 years with less frequently burnt areas, and also woodlands that had experienced a 28-year interfire interval with
more frequently burnt areas. Although species richness did not differ significantly with either time-since-fire or fire
frequency, both these factors affected community composition, fire frequency being the more powerful. Moisture
availability also influenced floristics. Of the 67 species found in five or more plots, six were significantly associated
with time-since-fire, whereas 11 showed a significant difference between more and less frequently burnt plots in each
of the two fire-frequency variables. Most species, however, did not vary in cover-abundance with the fire regime
parameters examined. Even those species that showed a marked drop in cover-abundance when exposed to a
particular fire regime generally maintained some presence in the community. Six species with the capacity to resprout
after fire were considered potentially at risk of local extinction under regimes of frequent fire, whereas two species
were relatively uncommon in long-unburnt areas. Variable fire regimes, which include interfire intervals of at least
15 years, could be necessary for the continuity of all species in the community.
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INTRODUCTION
 
Fire is an intrinsic process in the sclerophyll ecosystems
of Australia, playing an important role in the life cycle
of many plant species (Gill 1981). The impacts of fire
on vegetation are complex. Frequency of burning can
strongly influence community composition (Morrison
 
et al
 
. 1995; Morrison 2002), and fire intensity
(Williams 
 
et al
 
. 1999; Morrison & Renwick 2000) and
season (Clark 1988; Tolhurst 1996) can also affect
plant species. Fire effects vary between species and
ecosystems (Williams 
 
et al
 
. 1994; Watson 2001;
Williams 2001), with particular fire regimes being a
factor in local extinctions (Gill & Bradstock 1995).
Studies of species responses and of the effects of a
single fire provide insight into the question of appro-
priate fire regimes for conservation. However, land-
scape-level studies of the effects of multiple fires are
needed if spatial and temporal heterogeneity in fire
patterns, and the landscape within which they operate
are to be taken into account (Turner 
 
et al
 
. 1994;
Andersen 
 
et al
 
. 1998). Changes in the above-ground
plant community composition often occur as post-fire
age increases (Specht 
 
et al
 
. 1958; Russell & Parsons
1978; Posamentier 
 
et al
 
. 1981; McFarland 1988;
Morrison 
 
et al
 
. 1995). This variable is potentially
confounding for fire frequency, a problem not always
recognized in comparative studies, as Morrison 
 
et al
 
.
(1995) point out. Several studies of fire frequency have
attempted to address the confounding effects of time-
since-fire by holding this variable constant (Siddiqi
 
et al
 
. 1976; Fox & Fox 1986; Cary & Morrison 1995;
Bradstock 
 
et al
 
. 1997), whereas others have used a
multivariate approach (Bradfield 1981; Morrison 
 
et al
 
.
1995, 1996). Nieuwenhuis (1987) considered time-
since-fire when interpreting her study in sites that had
previously burnt at different times. All these studies,
with the exception of those of Bradfield (1981) and Fox
and Fox (1986), which were conducted in Victoria’s
Dandenong Ranges and at Myall Lakes in New South
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Wales, respectively, were from the Sydney region. All
concerned heath or open-forest and woodland com-
munities.
A major finding of these studies was that several
species (e.g. 
 
Banksia ericifolia, Hakea teretifolia
 
) were
eliminated or reduced in abundance on frequently
burnt sites (Siddiqi 
 
et al
 
. 1976; Fox & Fox 1986;
Nieuwenhuis 1987; Cary & Morrison 1995). These
species fell into one of the two major categories
commonly used to characterize post-fire regeneration
mechanisms (Gill 1981). They were all obligate
seeders, which rely on seed regeneration to maintain
their presence in a community after a fire, as mature
plants die following 100% leaf scorch. Thus, a second
fire within the juvenile period (the time a species needs
to develop from germinating seed to reproductive
adult) will eliminate these species unless propagules
reach the area from outside (many of these species
share an additional characteristic in that they store
their seeds in fruits on the plant, rather than in the
soil seed bank; Gill & Bradstock 1995; Keith 1996).
Species vulnerable to frequent fire have not, in
general, exhibited the ability to resprout after fire –
resprouting being the second major post-fire regener-
ation mechanism.
The results of a landscape-level study, which sought
to differentiate the effects of fire frequency from those
of time-since-fire in an inland shrubby woodland
ecosystem, are reported the present paper. Questions
posed include whether and how fire frequency and
recency affect community floristics, which species are
differentially abundant at 4 years versus 9 years post-
fire, and which species are differentially affected by
different frequencies of fire.
The study is descriptive. Sampling was conducted in
fortuitously available areas, which happened to differ in
their recent exposure to fire. Although not ideal, this
approach overcomes some difficulties that beset long-
term manipulative studies of the effects of fire
frequency on vegetation, such as the unpredictable
nature of wildfire, imperatives of prescribed burning,
the large area needed if landscape-level effects are to
be taken into account, and the timescales involved
(Andersen 
 
et al
 
. 1998).
 
METHODS
 
Study area description
 
Girraween National Park (GNP) covers 11 700 ha on
the Queensland/New South Wales border to the east of
the New England Highway between Stanthorpe and
Tenterfield (151
 

 
55
 

 
E, 28
 

 
50
 

 
S). Soils are underlain by
granitic rocks that form part of the New England
batholith, and several major outcrops and boulder
fields occur within the park. Soils are sandy, with low
nutrient content, particularly on upper slopes where
weathering and leaching has occurred. Annual rainfall
is approximately 850 mm, with eastern areas of the
park receiving more rain than those in the west.
Although most rain falls in summer, winter rainfall is
also relatively high, averaging just over one-third of the
total rainfall. Winters are cold and frosty, whereas
summer temperatures are moderate – maximum
temperatures seldom exceeding 30
 

 
C (McDonald
 
et al
 
. 1995).
Vegetation patterns in the park have been described
by McDonald 
 
et al
 
. (1995), and vegetation types have
been mapped by the Queensland Department of the
Environment (DOE). Vegetation communities include
heaths and scrubs associated with large granite out-
crops, gully forests on lower slopes, swamp commun-
ities at the headwaters of creeks and grassy woodlands
on deep, well-drained soils. Shrubby woodland/open
forest is, however, the most extensive community in
GNP, and it was in this community that the study was
carried out. The study was restricted to the area
mapped by DOE as ‘2a/7’ eucalypt–cypress woodland/
open forest. This floristically diverse vegetation type
dominated by 
 
Eucalyptus andrewsii
 
, 
 
Eucalyptus
youmanii
 
, 
 
Eucalyptus banksii
 
 and 
 
Callitris endlicheri
 
covers 49% of the park including some rock outcrops
and pavements. The study area was further limited to
one of the three landform/vegetation divisions recog-
nized by the Queensland Herbarium, the central
division (McDonald 
 
et al
 
. 1995).
Park management aims encompass both conserv-
ation and recreation. Fire management includes a
limited programme of planned burns to protect on-
park camping areas and neighbouring farms, and to
create strategic low fuel zones to assist with bushfire
suppression (N. Holmes, pers. comm., 2003). Both
planned and unplanned fires at GNP have been
recorded since 1974, using hand-drawn boundaries on
overlay maps. These data, transferred to GIS, formed
the basis for determining the fire regimes examined in
the study, and the areas covered by them. Oral history
accounts were used to confirm boundary lines. Fire had
been relatively frequent over the 25 years prior to the
study in the northern part of the park. Most planned
burns had taken place in this area, and extensive
wildfires occurred there in September 1980 and
September 1989. In contrast, prior to a high intensity
fire in October 1994, much of the southern area of the
park had not burnt since 1966.
 
Research design
 
Areas that had differed with respect to fire frequency
over the previous 25 years, but that had last burnt at
approximately the same time were chosen for study.
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This was done to avoid confounding the effects on
vegetation of time-since-fire and frequency of fires.
Table 1 outlines the four fire regimes included in the
present study.
Each area of eucalypt–cypress woodland that had
experienced these regimes was mapped, identifying
four areas (designated Areas 1–4) corresponding to the
four fire regimes in Table 1. Three fire regime variables
were established:
1.
 
Frequent fire
 
, a fire frequency variable, was a com-
parison between areas that had been burnt at least
twice in the 9 years prior to the most recent fire
(Areas 2 and 4) and areas with at least a 9-year
interval between the two most recent fires (Areas 1
and 3).
2.
 
Infrequent fire
 
, also a fire frequency variable, was a
comparison between areas that had not burnt for
28 years prior to the most recent fire (Area 1) and
areas that had burnt at least twice during that time
(Areas 2, 3 and 4).
3.
 
Time-since-fire
 
 was a comparison between areas
most recently burnt 4 years (in 1994, Areas 1 and
2) and 9 years before the study (in 1989, Areas 3
and 4).
There are thus two replicate fire regimes for each
value of 
 
time-since-fire and frequent fire
 
. This is not the
case for 
 
infrequent fire
 
, although fire regime 1, which
carries one side of this comparison, covered a large area
(approximately 1200 ha). Other limitations of the
study include the relatively small size of the most
frequently burnt area (approximately 6 ha), and the
asymmetry of the design vis-a-vis 
 
infrequent fire
 
 (all
infrequently burnt sites were also recently burnt sites).
The study design assumes that fire regimes in each area
prior to 1975 were similar to those after 1975, or at
least were random. Oral history accounts indicate that
 
Table 1.
 
Fire regimes studied at Girraween National Park, south-east Queensland, Australia
 
Fire regime 
area
Years between 1975 
and 1998 in which 
fires occurred
 
†
 
Time-since-fire 
(years)
Interfire intervals 
(years from most 
recent interval)
Approximate 
area (ha)
Scar 
height (m)
 
‡
 
Symbol 
used in 
figures
 
1 1994 4 28 6 11.40 
 
± 
 
1.39
 

 
2 1980, 1986, 1989, 1994 4 5, 3.5, 5.5 40 6.70 
 
± 
 
0.82
 

 
3 1980, 1989 9 9 200 8.20 
 
± 
 
1.52
 

 
4 1980, 1986, 1989 9 3.5, 5.5 1200 5.60 
 
± 
 
0.89
 

 
†
 
All fires occurred in spring, except the 1986 fire, which occurred in autumn; 
 
‡
 
the height of fire scars on non-gum eucalypts
was recorded in each plot.
 
Table 2.
 
Description of environmental variables collected for each 20 m x 20 m plot at Girraween National Park, south-east
Queensland, Australia, and level of association of each variable with the 3-D multidimensional scaling ordination
 
†
 
Variable name Data source Description (no. plots) Level of association (
 
P
 
-value)
 
‡
 
Location in landscape
(LAND)
On-site observation 1. Ridge top/saddle (7); 
2. Upper slopes (6); 
3. Mid slopes (15); 
4. Lower slopes (13); 
5. Valley floor/flat country (1)
0.62
Run-off potential
(RUNOFF)
On-site observation of 
location of plot in relation to 
drainage lines, rock pavements 
and boulders
1. Low (7); 
2. Moderate (30); 
3. High (4); 
4. Very high (1)
0.12
Impeded drainage potential
(IMPDRAIN)
On-site observation of 
location of plot in relation to 
rock pavements
1. Low (34); 
2. Moderate (7); 
3. High (1); 
0.00
Altitude (ALT) Topographic map 
(20-m intervals)
Range 880–1100 m 0.02
Aspect (ASP) Measured on site to nearest 5
 

 
Coded for analysis as degrees 
from north
0.78
Slope (S) Measured on site to nearest 1
 

 
0.78
Per cent continuous rock
(PCR)
On-site estimate of percentage 
of plot covered by rocks 
bigger than 1 m
 
2
 
 (maximum 20% 
because of sampling 
criterion)
1. 0–5% (28); 
2. 5–10% (6); 
3. 10–15% (1); 
4. 15–20% (7)
0.04
 
†
 
See Figure 3; 
 
‡
 
P-value on randomisation test conducted using MCAO procedure in WinPATN.
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fire frequency was probably higher in the south than in
the north of the park both prior to and subsequent to
1975 (B. Goebels, pers. comm., 1999).
 
Sampling and data collection
 
The present study was limited to woody shrubs and
vines. 
 
Pteridium esculentum
 
 and 
 
Imperata cylindrica
 
were excepted because of management perceptions
that these species favour frequently burnt areas. Over-
storey species that might have been expected to
resprout (
 
Eucalyptus
 
 spp. and 
 
Angophora
 
 spp.) were not
sampled, whereas potentially fire-sensitive overstorey
species such as 
 
Callitris
 
 and 
 
Allocasuarina
 
 were. Most
of the species identified in published reports on south-
eastern Australia as being differentially affected by fire
frequency are woody shrubs (Nieuwenhuis 1987;
Morrison 
 
et al
 
. 1995).
Ten sites were located in each fire regime area, with
two additional sites in Area 1 because of the apparently
more varied nature of the vegetation in this area. The
rugged park topography placed limits on access, so
sites could not be located in a completely random
fashion. They were, however, spread throughout each
area, so as to sample as much of the within-treatment
variability as possible. At each site, random numbers
were used to define a location. A 20-m 
 

 
 20-m plot
was then selected as close as possible to this location
within the constraints of cover and percentage rock
parameters. All plots were located in woodland or open
forest (overstorey cover 10–70%) and all had less than
20% of their area covered by boulder/rock pavement
(defined as rocks bigger than 1 m
 
2
 
).
Fieldwork took place in December 1998 and January
1999. All woody species found in each plot were
recorded, along with their rating on a modified Braun-
Blanquet density/cover scale (1, solitary; 2, <1%, few;
3, <1%, numerous; 4, 1–5%; 5, 5–10%; 6, 10–25%; 7,
25–50%; 8, 50–75%; 9, >75%). Taxonomy and nomen-
clature follow McDonald 
 
et al
 
. (1995). Data on land-
scape position, run-off and impeded drainage
potential, altitude, aspect, slope and per cent contin-
uous rock were also collected for each plot (Table 2).
 
Data analysis
 
Shrub and vine species richness was calculated for each
plot (
 
I. cylindrica
 
 and 
 
P. esculentum
 
 were excluded).
Differences between the four areas with respect to
species richness were compared through a one-way
 
ANOVA
 
, while Student’s 
 
t
 
-tests were used for the fire
regime variable comparisons.
The pattern analysis program PATN (Belbin 1990)
was used to explore community-level floristic patterns,
initially independently of the fire regime variables.
Dissimilarity between sites based on overall floristic
composition was quantified using the Bray–Curtis
 
Fig. 1.
 
Dendrogram showing classification of 42 plots
based on floristic composition in Girraween National Park,
south-east Queensland, cut at the nine-group level. Symbols
show membership of four 
 
a priori
 
 fire regime groups (square,
4 years post-fire; circle, 9 years post-fire; closed, 2-3 short
interfire intervals prior to most recent fire; open, long interfire
interval prior to most recent fire)
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metric (Bray & Curtis 1957), a method that has per-
formed consistently well in a variety of tests and simu-
lations on different types of data (Faith 
 
et al
 
. 1987).
Data were clustered using unweighted pair group arith-
metic averaging with 
 

 
 set at –0.2 (Belbin 1990).
Under such conditions the clustering strategy is space-
dilating and resists the formation of a single large group
(Booth 1978). The dissimilarity matrix was visually
presented through semi-strong hybrid multidimen-
sional scaling ordination (SSH MDS with dissimilarity
cut level at 0.9), using the package WinPATN (Belbin
 
et al
 
. 2003). SSH MDS is widely used in the study of
relationships between species assemblages (Digby &
Kempton 1991; Kent & Peddy 1992; Belbin 1995) and
seeks to provide, in few dimensions, an accurate repre-
sentation of the similarity between samples (i.e. plots)
on the basis of their attribute (i.e. species) profiles.
Relationships between the fire variables and com-
munity composition were assessed though multivariate
analysis of similarities, using the ANOSIM option in
PRIMER, which uses ranks to generate a ‘Global R’,
summarizing the differences between plots with differ-
ing values on a specified variable. The distribution-free
nature of this test was appropriate given the prevalence
of zeros in the dataset. The effect of each variable alone
was assessed (one-way ANOSIM), as well as the two-
way effect of 
 
time-since-fire
 
 and 
 
frequent fire
 
 (two-way
ANOSIM).
The relationship of fire regime and environmental
variables to the ordination pattern was explored using
the principal axis correlation (PCC procedure in
WinPATN, Belbin 
 
et al
 
. 2003). Randomization tests
(with 100 permutations) using the MCAO procedure
of WinPATN were used to assess the significance of
these correlations (Belbin 1995; Belbin 
 
et al
 
. 2003).
Variables significantly related to floristics were
plotted onto the ordination. Relationships between the
environmental and fire variables were also directly
assessed through randomization tests. Randomization
tests are distribution-free and involve permuting the
dataset many times (5000 times in this case), each time
calculating a chosen test statistic. The significance level
for the test statistic, calculated with respect to the
original dataset, is assessed by finding its place in the
distribution developed over the multiple permutations
(Manly 1991). For the present study, the difference
between the mean scores was used as the test statistic
in the program NPSTAT (May 
 
et al
 
. 1993).
We limited the univariate species-level analysis to
those species that were found in at least 10% of the
plots. Randomization tests were used to assess differ-
ences in cover-abundance on each of the three fire
variables.
 
RESULTS
 
Species richness
 
One hundred and twenty-two taxa were recorded at
least once in the 42 plots (species list available from
authors on request). All were indigenous to the area.
 
Monotoca scoparia
 
 was found in all plots, with seven
additional taxa, 
 
Leptospermum trinervium
 
, 
 
Petrophile
canescens
 
, 
 
Poranthera corymbosa
 
, 
 
Persoonia cornifolia
 
,
 
Aotus subglauca
 
, 
 
Persoonia tenuifolia
 
 and 
 
Gonocarpus
 
spp., occurring in at least 30 plots. Shrub and vine
species richness per plot varied from 13 to 37, with a
mean of 27.3. There were no significant differences in
per-plot species richness among the four fire regime
groups, between areas burnt 4 or 9 years previously,
between areas with or without two recent short interfire
intervals, or between areas burnt only once in 28 years
and areas burnt more often.
 
Fig. 2.
 
Three-dimensional ordination (SSH-MDS) of 42
plots, based on floristic composition in Giraween National
Park, south-east Queensland showing four 
 
a priori
 
 groups
(square, 4 years post-fire; circle, 9 years post-fire; closed, 2-3
short interfire intervals prior to most recent fire; open, long
interfire interval prior to most recent fire; UPGMA, Bray
Curtis Metric;, = -0.2; stress = 0.198)
 
Table 3.
 
Association between community floristics and fire
variables (ANOSIM*) at Girraween National Park, south-
east Queensland, Australia
 
Global R
 
† P
Time-since-fire (one-way ANOSIM) 0.052  0.0436
Time-since-fire (two-way ANOSIM) 0.165  0.0015
Frequent fire (one-way ANOSIM) 0.156  0.0001
Frequent fire (two-way ANOSIM) 0.201  0.0001
Infrequent fire (one-way ANOSIM) 0.320 <0.0001
Please refer to ‘Methods’ for description of *ANOISM
and †Global R
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Community-level analysis
Cluster analysis separated the plots into nine groups,
five with one or two members, and four with 7–12
members (Fig. 1). Six plots were grouped at some
distance from the bulk of the plots in four groups
(Groups 6–9). Re-analysis of the data with these plots
removed gave the same groupings for the remaining
36 plots. Trends in the four a priori groups could
be discerned in 3-D ordination, although complete
separation of the groups of plots was not achieved
(Fig. 2).
The six plots in the four outlier groups all differed
somewhat from the typical eucalypt–cypress woodland
community type. Three were particularly wet, two were
unusually grassy, and feral pigs had disturbed another.
All six plots occurred in areas that had not been
frequently burnt, including four in the area that had
experienced a 28-year interfire interval. Group 5, with
12 members, consisted of frequently burnt plots.
Members of this group were dispersed over the whole
frequently burnt area. However, Group 4, with seven
members, contained at least one plot from each fire
regime area. Groups 2 and 3 were associated and had
10 members between them, all but three from geo-
graphically dispersed, less frequently burnt areas. None
of these plots had a northerly aspect. The three plots
from frequently burnt patches were all from an area
that had reportedly burnt at low intensity (at night) in
the most recent fire (in 1989; B. Goebels, pers. comm.,
1999). The seven plots in Group 1 were geographically
dispersed, and all but one were from less frequently
burnt areas. These plots were not rocky and tended to
a northerly aspect.
The analysis of similarities showed significant differ-
ences in community floristics in relation to each of the
three fire variables (Table 3). These differences were
particularly significant in relation to frequent fire and
infrequent fire, with P < 0.001.
Environmental and fire variables
Time-since-fire and infrequent fire were significantly
associated with the floristic ordination (P < 0.001), and
frequent fire was almost significant (P = 0.09). Three of
the seven environmental variables (impeded drainage
potential, per cent continuous rock and altitude) were
also significantly associated with the ordination
(P < 0.05; Table 2). The vectors for impeded drainage
and per cent continuous rock were almost identical.
Hence, only the vector of impeded drainage is shown
in Fig. 3. The coordinates for altitude and time-since-
fire were also similar. However, coordinates for the
Fig. 3. Principal axis correlation, showing vectors of two
fire and two environmental variables significantly associated
(P < 0.05) with the 3-D ordination, and centroids of a priori
plot groups shown in Figure 2: TSFIRE, time-since-fire;
INFREQFIRE, infrequent fire; ALT, altitude; IMPDRAIN,
impeded drainage potential.  The vector of the fire variable
frequent fire (FREQFIRE; P = 0.09), is also shown.  The
vector of the environmental variable, percent continuous
rock, which was also significantly associated with the ordin-
ation, is almost identical to that of IMPDRAIN. Full descrip-
tions of the fire variables are given in the text under Research
Design; full descriptions of the environmental variables are
given in Table 2.
Table 4. Species whose abundance was significantly different at 4 years versus 9 years post-fire (variable time-since-fire)
Species name
No. plots with 
species (n = 42)
Percentage of 
4-year-post-fire plots 
with species (n = 22)
Percentage of
9-year-post-fire plots 
with species (n = 20)
P-value on 
randomization test
Hardenbergia violacea† 21 77 20 0.0002
Cassytha pubescens 15 14 60 0.0018
Persoonia cornifolia 31 64 85 0.0104
Leucopogon melaleucoides 19 32 60 0.0136
Cassinia uncata 7 5 30 0.0174
Mirbelia speciosa ssp. speciosa 7 5 30 0.0320
†This species was more abundant in more recently burnt areas, and other species were more abundant in less recently burnt
areas.
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vectors of the three fire variables were very different
from one another.
Three environmental variables, altitude, aspect and
slope, were significantly related to one or more of the
fire regime variables. Altitude differed significantly with
both time-since-fire and infrequent fire; however, the
actual mean differences (27.9 m in the case of time-
since-fire and 38.3 m in the case of infrequent fire, in a
range of 220 m) were slight. Aspect differed signifi-
cantly between plots last burnt in 1994, and those last
burnt in 1989. Slope differed significantly between the
infrequent fire plots that had not burnt for 28 years prior
to the most recent fire and those that had burnt at least
twice during that time. Plots burnt only in 1994
averaged 7.0, whereas the remainder averaged 11.4.
However, neither aspect nor slope was significantly
associated with the ordination, whereas time-since-fire
and infrequent fire were.
Species-level analysis
Fifty-five species were found in five or fewer plots,
leaving 67 relatively common species to be considered
at this stage of the analysis. Six species were signifi-
cantly associated with time-since-fire, whereas 11 were
significantly associated with each of the two fire
frequency variables. Only one species (Hardenbergia
violacea) was significantly more abundant in recently
burnt plots, whereas five species were more abun-
dant on the plots that had not burnt since 1989
(Table 4).
Table 5. Species whose abundance was significantly different in areas that had burnt twice in the 9 years before the most recent
fire versus areas that had had at least a 9-year interfire interval (variable frequent fire)
Species name n
Percentage of frequently 
burnt plots with species 
(n = 20)
Percentage of less 
frequently burnt plots 
with species (n = 22)
P-value on 
randomization test
Grevillea linearifolia† 23 80 32 0.0002
Aotus subglauca† 30 95 50 0.0006
Bossiaea obcordata† 17 70 14 0.0006
Dampiera purpurea† 23 80 32 0.0016
Astrotricha longifolia† 24 85 32 0.0018
Poranthera corymbosa† 33 100 59 0.0028
Monotoca scoparia†‡ 42 100 100 0.0128
Petrophile canescens† 33 90 68 0.0164
Lomatia silaifolia 12 10 45 0.0116
Hakea dactyloides 12 10 45 0.0160
Pimelea linifolia ssp. linifolia 5 0 23 0.0466
†Species were more abundant in more frequently burnt areas, and other species were more abundant in less frequently burnt
areas; ‡although Monotoca scoparia occurred in all plots, this species was significantly more abundant in plots in frequently
burnt areas.
Table 6. Species whose abundance was significantly different in areas that had not burnt for 28 years prior to the most recent
fire versus areas that had had at least two fires in that time (variable infrequent fire)
Species name n
Percentage of 
infrequently burnt 
plots with species 
(n = 12)
Percentage of more 
frequently burnt 
plots with species 
(n = 30)
Significant
finding on 
time-since-fire?
Significant 
finding on 
frequent fire?
P-value on 
randomization 
test
Hardenbergia violacea† 21 83 37 Yes No 0.0002
Hibbertia obtusifolia† 15 75 20 No No 0.0012
Jacksonia scoparia† 5 33 3 No No 0.0034
Lomatia silaifolia† 12 58 17 No Yes 0.0038
Hakea dactyloides† 12 67 13 No Yes 0.0090
Poranthera corymbosa 33 42 93 No Yes 0.0012
Astrotricha longifolia 24 17 73 No Yes 0.0028
Leptospermum trinervium 35 58 93 No No 0.0078
Bossiaea obcordata 17 8 53 No Yes 0.0104
Grevillea linearifolia 23 33 63 No Yes 0.0188
Notelaea linearis 24 33 67 No No 0.0428
†Species were more abundant in the infrequently burnt area, and other species were more abundant in more frequently burnt
areas.
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Eight species were found in significantly greater
abundance in the plots that had burnt at least twice in
the 9 years before the most recent fire, than in those
that had not burnt in that period (Table 5). However,
with the exception of Bossiaea obcordata, all eight
species were still found in at least 30% of the less
frequently burnt plots. Three species were more abun-
dant in plots that had experienced an interval of at least
9 years between the most recent two fires. Two (Hakea
dactyloides and Lomatia silaifolia) exhibited a strong
association, with values of significance just above the
0.01 level. The other taxon (Pimelea linifolia ssp. lini-
folia) was found in five plots with a 9-year-plus interfire
interval and was absent from areas that had been
frequently burnt.
Five species were significantly more abundant
(P < 0.01) in areas from which fire had been excluded
for 28 years than in more frequently burnt areas
(Table 6). This group included two of the three species
that were more abundant in areas with an interfire
interval of at least 9 years than in those more frequently
burnt (Hakea dactyloides and Lomatia silaifolia). One
species in this group, Hardenbergia violacea, had a
significant association with time-since-fire, which is
potentially confounding for infrequent fire. Hardenbergia
violacea was found on seven of the 10 plots burnt in
1980, 1986, 1989 and 1994, at a cover-abundance
rating of 1 or 2 (one to a few plants), and on 10 of the
12 plots burnt only in 1994, with ratings reaching 3 or
4 (numerous plants) in six cases. Only isolated plants
were found in other fire regime areas. This species
therefore occurred in relative abundance in both
recently and infrequently burnt plots, and was most
abundant when fire was both recent and infrequent.
Six species were more abundant in areas that had
experienced at least two fires in the previous
28 years. Four of these species (Poranthera corymbosa,
Astrotricha longifolia, Bossiaea obcordata and Grevillea
linearifolia) were also significant on the frequent fire
variable. None had a significant association with time-
since-fire.
Forty-six taxa (69% of the common species,
including P. esculentum and I. cylindrica) showed no
significant association with any of the three fire
variables.
DISCUSSION
Fire regime had a clearly discernible effect on the shrub
community investigated, affecting both community
floristics and the abundance of individual species.
Both time-since-fire and length of interfire interval had
significant impacts, with length of interfire interval
being the more powerful factor. At the species level,
several species were found to be sensitive to fire regime
parameters, particularly fire frequency.
Methodological considerations
Confining the study to one vegetation type within one
of GNP’s three landform/vegetation divisions was
designed to reduce the possibility that differences in
species abundance could merely reflect different plant
communities growing in different parts of the park.
The larger plot groups identified by cluster analysis and
ordination generally included plots from a wide geo-
graphical area, implying that geographical location per
se was not determining floristics. In addition, in order
to avoid pseudoreplication (Hurlburt 1984), the study
design ensured that none of the three fire variables used
a small geographical area (e.g. Area 2), as the sole
source of data for one side of a comparison.
Community-level effects
At a community level, recent fire regimes plainly influ-
enced floristics. The clearest evidence came from the
analysis of similarities. Time-since-fire was significantly
related to community composition, whereas the two
fire frequency variables showed an even more signifi-
cant association. A number of the plot groupings
generated by cluster analysis were linked to fire
frequency, and both time-since-fire and fire frequency
were significantly associated with the floristic ordin-
ation. The clear differences in the coordinates for the
vectors of time-since-fire and the fire frequency vari-
ables indicate that these aspects of the fire regime had
different effects on floristics. Morrison et al. (1995)
found a similar distinction in dry sclerophyll vegetation
near Sydney.
Environmental factors other than fire also affected
community composition. For example, plot Group 4
was probably linked to moisture availability as all
members were either beside a creek or drainage
channel, or were associated with rock pavements that
would have provided run-off and/or impeded drainage.
Hydrology was also implicated in two of the three
environmental variables significantly associated with
the ordination (impeded drainage potential, and per
cent continuous rock). The close association of these
two variables in the ordination space reflected the role
played by rock shelves and boulders in harvesting water
in rain events, and in preventing water from draining
freely.
The significant association between altitude and
floristic ordination could have been an artefact of the
effect of fire frequency: the southern part of the park,
which encompassed fire regime Area 1 (28-year inter-
fire interval) is somewhat higher than the northern
section. The small absolute value of the differences in
altitude on the fire regime variables supported this
contention, as it was unlikely that the small average
difference would strongly influence floristics.
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As aspect affects vegetation composition (Clayton-
Greene & Ashton 1990; Bale et al. 1998), the signifi-
cant relationship between aspect and time-since-fire
meant aspect was potentially confounding for this fire
variable. Similarly, as GNP’s granite soils hold little
water and are likely to lose moisture rapidly on steeply
sloping sites, slope was potentially confounding for
infrequent fire. However, the lack of a significant associ-
ation between these two environmental variables with
the floristic ordination and the significant association of
the fire variables with the same ordination suggested a
minor effect of slope and aspect in the present study.
Species-level effects
Only one species, Hardenbergia violacea, was signifi-
cantly more abundant at 4 years than at 9 years post-
fire, whereas five species showed the opposite tendency.
It is somewhat surprising that more species advantaged
by recent fire were not found, given reports of the
short-lived nature of some species, particularly legumes
(Christensen & Kimber 1975). It is possible that short-
lived shrub species only begin to decline after 9 years
post-fire in the cool Girraween climate. Some short-
lived species might also be able to replace themselves
through seedling recruitment during the interfire
interval. Fifty-six per cent of species recorded in the
present study had associated seedlings established
within the plots (P. Watson, unpubl. data). In contrast,
4 years after a fire might be too late to detect short-lived
species that thrive in the immediate post-fire period.
These early successional species are, however, likely to
be herbs rather than shrubs (McFarland 1988). Over-
all, the differences between the shrub flora at 4 years
and 9 years post-fire, although detectable, were small.
Ten species were more common on more frequently
burnt plots for at least one of the fire frequency
variables, and four species (Poranthera corymbosa,
Astrotricha longifolia, Bossiaea obcordata and Grevillea
linearifolia) showed significant findings for both vari-
ables. Several families, including Fabaceae and Prote-
aceae were represented by these 10 species. Although
thriving under a regime of frequent fire, most were able
to maintain a presence in the community when interfire
intervals were longer. It therefore seems likely that these
species do not require frequent fire, even though they
are more abundant in frequently burnt areas. The
possible exceptions are Bossiaea obcordata and Astro-
tricha longifolia. Bossiaea obcordata was found in only
one plot burnt in 1994 only, but in 16 more frequently
burnt ones, whereas Astrotricha longifolia occurred in
two plots burnt in 1994 only, and in 22 others. These
species appear to be those most at risk of local extinc-
tion in the absence of fire.
Six species, Hakea dactyloides, Lomatia silaifolia,
Jacksonia scoparia, Hardenbergia violacea, Hibbertia
obtusifolia and Pimelea linifolia ssp. linifolia, favoured
less frequently burnt areas, returning significant find-
ings for at least one fire frequency variable. The two
proteaceous species, Hakea dactyloides and Lomatia
silaifolia, showed a consistently higher abundance after
longer interfire intervals on both variables, and only
occurred in a small number of south- and east-facing
plots in the more frequently burnt areas. These species
are considered most at risk of local extinction under
frequent burning regimes.
Species disadvantaged by frequent fire are usually
portrayed as obligate seeders with a relatively long
juvenile period (Gill & Bradstock 1995; Burrows &
Wardell-Johnson 2003). However all six of these
species resprout, at least under some circumstances.
Lomatia silaifolia and J. scoparia were both consistently
listed as resprouters in the CSIRO National Plant Fire-
Response Register (A. M. Gill, pers. comm., 1999);
Hakea dactyloides and Hardenbergia violacea were each
classified as resprouters by six of seven sources, as was
Hibbertia obtusifolia by four of five sources. Pimelea
linifolia was listed by several sources on the Register as
a seeder, and by a lesser, but still substantial number as
a resprouter. Clarke and Knox (2002) listed five of the
six species as resprouters, and Hakea dactyloides did not
appear on their list.
The present study thus adds support to the notion
that resprouter species, as well as obligate seeders,
could be at risk under frequent fire regimes. Keith
(1996) lists four mechanisms that might operate,
separately or together, to decrease resprouter abun-
dance in these circumstances. These are the decline of
standing plant numbers through depletion of stored
buds and starch reserves; death of juveniles before they
reach fire tolerance; low rates of release of seeds from
dormancy; and, for serotinous species, low rates of
germination as a result of low levels of seed release. The
latter two mechanisms are a result of the reduced fire
severity that is the product of increased fire frequency.
Low rates of seed release from dormancy might apply
particularly to the legumes Hardenbergia violacea and
J. scoparia. In laboratory experiments, Hardenbergia
violacea germinated best at high temperatures, even in
relation to other legumes (Auld & O’Connell 1991).
Low levels of seed release could apply to Hakea
dactyloides, which could be serotinous.
A number of characteristics of resprouting shrubs
suggest that young plants might be vulnerable to
frequent fire, thus limiting the ability of these species
to replace adults that die, either as a result of fire
damage or between fires. For example, resprouter seed-
lings are not immediately fire tolerant as it can take
many years before lignotuber development or starch
reserves are sufficient to allow the young plant to
survive a fire (Bradstock & Myerscough 1988; Brad-
stock 1990; Keith 1996). In addition, resprouter seed-
lings grow more slowly than obligate seeder seedlings
10 P.  WATSON AND G. WARDELL-JOHNSON
(Benwell 1998), and might not begin to differ from
seeders in root development for some years after
germination (Bell & Pate 1996). Furthermore, the
primary juvenile period in resprouters is often much
longer than the secondary juvenile period, as well as
being longer than the primary juvenile period in
equivalent obligate seeders (Keith 1996).
Lomatia silaifolia flowers rapidly on resprouting after
fire, releasing non-dormant seed as soon as it is ripe
(Denham & Whelan 2000). Bradstock (1990) consid-
ered this mechanism as akin to that of fire-stimulated
serotinous species, although these species get a ‘head
start’ over Lomatia silaifolia. Several other resprouting
proteaceous species exhibit a similar post-fire strategy,
including Telopea speciosissima. Bradstock (1995) stud-
ied the demography of this latter species to predict
population trends and concluded that recruitment
would be absent if fires occurred at 5-year intervals or
less, as juveniles would not be sufficiently developed to
resprout. Fire return intervals of up to 10 years were
also considered potentially problematic, as less than
25% of young juveniles were found to be fire tolerant at
8–10 years post-fire.
However, the majority of species investigated in the
present study were equally abundant over the range of
fire regimes. Even those species that showed a marked
drop in abundance when exposed to a particular fire
regime generally maintained a presence in the com-
munity. It is likely that the spatial heterogeneity in
the Girraween landscape provides variability in fire
severity, which results in refuges for adult plants and
for seeds during fire. For example, living adult plants
of the serotinous obligate seeder Callitris endlicheri
were found in frequently burnt patches, particularly on
rock pavements. While lower branches had been killed
by fire, upper branches had survived. In addition, there
is evidence of heterogeneity within fire events, both in
other published reports (Turner et al. 1994) and in the
scar heights recorded in the present study.
Management implications
Since frequency of burning affects both individual
species and community composition, fire management
plays a major role in determining community patterns.
Although the tolerance of this open-forest vegetation to
fire is apparent from the low proportion of species
affected by the wide range of fire regimes studied,
recognition of some upper and lower limits is appro-
priate (Bradstock et al. 1995; Reid et al. 1996). In the
present study, a larger number of species appeared to
be at risk from frequent burning than from infrequent
fire, although decreases in abundance were found at
each end of the spectrum. It would therefore seem
desirable to vary interfire intervals over time and space
(Bradstock et al. 1995; Morrison et al. 1995; Keith
et al. 2002). We suggest that the upper threshold for the
GNP shrubby woodlands should not exceed 25 years
(3 years less than the maximum interfire interval
included in the present study), and the lower threshold
should be no less than 6 years (slightly greater than the
three short interfire intervals studied here). It is inter-
esting to note that these recommendations are similar
to those of Bradstock et al. (1995) for coastal heaths
and woodlands. Regimes should include some long
interfire intervals of at least 15 years, followed by high-
intensity fire. As well as allowing woodland species
vulnerable to frequent fire to increase, occasional
intense fire would provide an opportunity for the
heaths and scrubs on the large rocky domes and
pavements to burn; this would likely occur in a subset
of intense fires in the surrounding vegetation, allowing
rock outcrop communities to experience the very
infrequent burning they require (Hunter et al. 1998).
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